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High Quality and Low Cost Laser Power Meter 
Austin Gagnon,  IPFW Department of Physics 
Introduction 
With advancements in solid state laser technology, the cost of building a diode 
laser in the laboratory has greatly decreased.  A student can now purchase parts 
to build a multiwatt laser for under $200.  Unfortunately, the cost of commercial 
laser power meters (LPMs) for measuring the optical power output of a laser 
beam can cost several thousand dollars.  The goal of this project is to design and 
produce an accurate LPM with readily available parts for less than $50. 
  
Theory of Operation 
When a laser beam strikes an object some of its optical power is transferred to 
the object in the form of a temperature rise.  If the properties of the object (in 
this case a thermopile) are known, an accurate estimate of the laser’s output 
power can be calculated using the following equation: 
  𝑃𝑃 = 𝑚𝑚𝑐𝑐𝑐𝑐 ∙ 𝑐𝑐 ∙ ∆𝑇𝑇 + 𝜖𝜖 ∙ 𝜎𝜎 ∙ 𝑇𝑇𝑡𝑡𝑡4 − 𝑇𝑇𝑎𝑎4
∆𝑡𝑡
+ 𝑅𝑅𝑡𝑡𝑡 ∙ ∆𝑇𝑇 
Where:     𝑃𝑃    = Laser Power                                         𝑚𝑚𝑐𝑐𝑐𝑐 = Mass of Thermopile     𝑐𝑐     = Specific Heat of Thermopile  ∆𝑇𝑇    = Temperature Change     𝜖𝜖     = Emissivity of Thermopile  𝜎𝜎      = Boltzmann Constant     𝑇𝑇𝑡𝑡𝑡 = Temperature of Thermopile  𝑇𝑇𝑎𝑎    = Ambient Temperature     ∆𝑡𝑡  = Change in Time  𝑅𝑅𝑡𝑡𝑡   = Thermal Resistivity of           
                                                                                  Thermopile 
  
While physical testing of the thermopile used in the LPM can reduce the number 
of unknown variables, the remaining equation would still be difficult to 
implement with analog circuitry.  It is for this reason the proposed LPM will 
implement digital signal processing using a microcontroller to simplify the task of 
solving the power equation. 
The Design 
  Three components critical to the construction of this LPM are as 
   follows: 
 
• Analog Devices TMP17 Current Output 
Temperature Transducer 
           -Used to measure the temperature of the thermopile and its   
             ambient surroundings. 
  
• Cypress PSoC 4100 Development Board 
           -With its built in opamps, 12 bit ADC, and 32 bit ARM Cortex   
             processor, this microcontroller is able to rapidly convert the  
             analog output from the temperature transducer into a digital  
             signal used to solve the power equation. 
 
 
  
 
 
 
                       Cypress CY8CKIT-049XX  Development Board 
 
 
• 16x2  LCD Character Display 
            -Used to clearly display the calculated optical power output the  
              the LPM’s user. 
  
 
Zeroing and Calibration 
 
The PSoC’s built in opamps are used to both boost the 
analog output from the temperature transducer, as well 
zero the meter. Two transducers, one for the thermopile 
and for the surroundings, are used; each is connected 
to a circuit as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Potentiometers are used to calibrate the transducer 
output and to vary the gain of the opamp.  When both 
opamps output the same level signal the meter will be 
zeroed.  
Total Cost 
       1x PSoC 4100                               $4.00 
       2x TMP17                                     $4.00 
       Resistors/Potentiometers         $1.50 
       LCD Display                                  $6.00 
       Copper Plate/Circuit Board      $0.50 
                     Total:                             $20.00 
 
 
Next Steps 
The next phase of this project will cover the 
physical construction and testing of the Low 
Cost LPM. 
 
Conclusion 
Results this far show promise in creating a low 
cost laser power meter.  Varying construction 
techniques will inevitably create varying 
degrees of error in calculated power output, 
though the results should be sufficiently 
accurate for educational purposes. 
     
